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I. Nomenclatura 

 ,-./01203,434.5-./3623/47.,-./.57380.427./2/.9./3,3-9:;263,4:+

%&'()*+,&* '-).)/)0.
,/ 3-:;09.993/0,;7:,0/6:
< $73;23,;0.
= >637:93=.73/93=:-:/
, 3-:;09.993-7:4:7
/ 3/-0?.603,4:

 3,/0@,.-437,.93739
A$$AA.6= 3,/0@,)<./3<./3*.-./.-09.93-0,837/:7
$$A		 3,/0@,)<./3<./3*.-.3,47.9.93-6:4:7
 ,43,/09.993;:7703,43
 .=.;09.9
 :,1042993-;.5-3
;704 :,10429;7B40;.93-;.5-3
8=7:= 3-:;09.993=7:=.1.;0@,93-;.5-3
4=7:= 036=:93=7:=.1.;0@,93-;.5-3
470/3 036=:93/2509.93-=2-/:93-0,837/:7
<70/3!C70/3 $73;23,;0.93/2509.93-:/=2-/:/93-0,837/:7
<0,8!C0,8 $73;23,;0.93=2-/:/93-0,837/:7
DD
DD 	.7E6347:/93-;.5-33,=293-:,10429

 	.7E6347:/93-;.5-3
µF 	376040809.9
εF 	3760.50-09.9
G 6=39.,;0.;.7.;437B/40;.93-;.5-3
G 6=39.,;0.;.7.;437B/40;.93-;.5-33,;07;204:.50374:
G 6=39.,;0.;.7.;437B/40;.93-;.5-33,;:74:;07;204:
G 6=39.,;0.;.7.;437B/40;.93-6:4:7
H :3<0;03,439373<-3I0@,3,-:/43760,.-3/93-6:4:7
H :3<0;03,439373<7.;;0@,3,-:/43760,.-3/93-6:4:7

$$ 	.7E6347:/93-<0-47:
<$!C$ $73;23,;0.9373/:,.,;0.93-<0-47:
% $.;4:793/:57343,/0@,=3760409.3,3-6:4:7
4/ 036=:933/4.50-0?.;0@,
4= 036=:93=0;:
	 :573:/;0-.;0@,
σ ;:,/4.,4393.6:74012.603,4:
ω9 <73;23,;0.93.6:74012.603,4:
ξ 17.9:93.6:74012.603,4:
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II. Introducción 

Objeto del proyecto.  

 3509:.-.8.,;33,-.43;,:-:1B.93-://360;:,92;4:73/93=:43,;0.!3-2/:93
8.70.9:73/9383-:;09.9=.7.6:4:73/930,92;;0@,935.J.43,/0@,)*/3K.09:
3/4.,9.70?.,9:=7:173/08.63,43.;.=.;09.9933,;3,909:93-://360;:,92;4:73/K.
;:,4705209:!3,473:47./;:/./!.=37<3;;0:,.7-.<:76.93:,9.93-.0,43,/09.9L23
.-063,4..-6:4:7L23;.9.83?/3.=7:I06.6E/.2,.<:76./3,:09.-093.-

 /;0374:L233-2/:937312-.9:73/<.;0-04.3-;:,47:-M3-<2,;0:,.603,4:93-:/
6:4:73/+3-38.,/273,90603,4:!/3=2393,;:,47:-.76E/=.7E6347:/93,47:93-6:4:7!
403,3,;.9.83?2,63,:74.6.N:M2,63,:7;:/43=:7<2,;0@,	37:-.3I=3703,;0.
0,92/470.-;:,-:/7312-.9:73/9340=:	O)	2-/3O093:92-.40:,*L23.-063,4.,-:/
6:4:73/.47.8P/932,;.5-3623/47.L23.=.7407932,.;0374.-:,1042993;.5-3
.=.73;3,9.N:/3,3-.0/-.603,4:93-3/4.4:7M/3.;:74.93<:76./01,0<0;.408.-.809.
93-6:4:7:/3837392;09./:-:=:7-:/=7:;3/:/63;E,0;:/M4P760;:/93-
3,83J3;0603,4:K.5042.-!/0,:L234.650P,3I0/43,;0374:/<.;4:73/3-P;470;:/L23
;:,47052M3,.-3,83J3;0603,4:3,3-.0/-.603,4:93-:/938.,.9:/93-6:4:7

 -4036=:933,;3,909:93-:/0,837/:73/6:937,:/)L23;.9.83?3/63,:7*
K.;3L23.=.73?;.,=0;:/9343,/0@,930,;-2/:9:/83;3/-.43,/0@,,:60,.-93-6:4:7
,3-;.5-3L23/3=.7.3-6:4:7M3-0,837/:7/3=7:92;3,:,9./80.J37./L23/373<-3J.,
.---31.7.-6:4:7!;73E,9:/32,17.903,439343,/0@,L23/390/47052M393<:76.,:
2,0<:7633,-:/938.,.9:/93-.6EL20,.

 -:5J3408:933/43=7:M3;4:3/.,.-0?.73I=37063,4.-63,4390;K./
/:57343,/0:,3/3,2,/0/436.;:6=23/4:=:72,;:,837409:7M2,6:4:7930,92;;0@,93
.-063,4.9:=:790<373,43/-:,104293/93;.5-3

 I0/43,4.650P,:47./-B,3./930,83/401.;0@,=.7.3/4290.73/43=7:;3/:+
3/4290.,9:-.90/47052;0@,9343,/0:,3/3,-:/.0/-.603,4:/93-6:4:7M52/;.,9:
0,90;.9:73/93-3,83J3;0603,4:3,-:/.0/-.603,4:/93-6:4:7Q239.,<237.93-:5J3408:
933/43=7:M3;4:
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
 :/3-363,4:/93-/0/436.;:,837409:7;.5-36:4:7L23/3K.,240-0?.9:=.7.
-.73.-0?.;0@,93-=7:M3;4:/:,-://01203,43/+



 -;:,837409:73,;23/40@,=3743,3;3.-.6.7;.93-./3703


F!3/470<E/0;:=.7.2,.43,/0@,93FF.F!M2,.=:43,;0.
93FRO

 ./;.7.;437B/40;./93-;.5-3L23/3K.240-0?.9:3,3-=7:M3;4:/:,

S
TSFOF66

 -6:4:74.650P,3/93-.6.7;.!M3,/2=-.;.93;.7.;437B/40;./
.=.73;3,-://01203,43/9.4:/+FUFF)8:-40:/*!FS?!FRO!F60,

 -3L20=:9363909.240-0?.9:3/3-.,.-0?.9:79306=39.,;0.U1.,.;0.93<./3
&F93



 -:-.71:93-9:;263,4:/307E,3I=-0;.,9:-.0,<-23,;0.93;.9.3-363,4:M93
.-12,:/93-:/<3,@63,:/./:;0.9:/3,-..=.70;0@,93-.//:57343,/0:,3/3,3-6:4:7
	.7.3--://363907E,-./<:76./93:,9.3,;:,837409:7M6:4:7!/3;.7.;4370?.7E,-./
06=39.,;0./93-;.5-3M93-6:4:7M/3=.-0.7E90;K:3<3;4:;:,-.<.570;.;0@,932,
<0-47:=.7.-0604.7-.
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III. Análisis de sobretensiones 

Regulación de velocidad. 

 S:M3,9B.-:/6:4:73/93;:7703,43.-437,./33/4E,2/.,9:3,-.6.M:7B.93-./
.=-0;.;0:,3/0,92/470.-3/93509:./2/<.;0-09.93/3,6.,43,0603,4:M.=3/.793/2
7B1093?3,;2.,4:.-.83-:;09.993<2,;0:,.603,4:31>,VW!=.7..=-0;.;0:,3/93
=:43,;0.63,:73/.FFRO!2,&FX93-://0/436./93/:,.-063,4.9:/=:7
;:,837409:73/!M3,3-7.,1:93=:43,;0./3,473FFROMO/3240-0?.3,2,
=:7;3,4.J3932,FX3,M2,FX3,

 ,3-;./:93-:/12+2&'3*34./&2.23/2=70,;0=.-;.7.;437B/40;.3/L233-;.6=:
107.4:70:93-3/4.4:7-:K.;3.2,.83-:;09.9--.6.9.93/0,;7:,0/6:0;K.83-:;09.9
803,39343760,.9.=:7-.<73;23,;0..-.L23/3.-063,4.-.6EL20,.M-.;:,/4042;0@,
<B/0;.93-.60/6.+

/03,9:<-.<73;23,;0.M=3-,>637:93=.73/93=:-:/93-.6EL20,.

 0,365.71:3-;.6=:L23/3;73.3,3-7:4:7=37/0123.-;.6=:93-3/4.4:7;:,
2,.83-:;09.963,:7),Y,/*393<0,33-93/-0?.603,4:;:6:3-;:;03,433,4733/4.
90<373,;0.9383-:;09.93/M-.83-:;09.993/0,;7:,0/6:+

 373L203732,;:,47:-=73;0/:93-.83-:;09.993-6:4:7!M.L2317.,=.74393-:/
3L20=:/.;42.-3/<2,;0:,.,.83-:;09.98.70.5-3
Tipos de reguladores según el parámetro de actuación 

 .83-:;09.993-7:4:7932,.6EL20,.930,92;;0@,93=3,9393-.83-:;09.993
/0,;7:,0/6:M93-93/-0?.603,4:+

 /BL23=.7.=:937/2.+&25*&5*('52/)6*693536:/.;42.7/:5733--:/

 	.7.8.70.7'56'35)7*1)'.+2)/*93536:/8.70.7-.;.71.=7:92;03,9:
8.70.;0:,3/9343,/0@,3,3-3/4.4:7=:76390:934070/4:73/L230,437726=.,
=370@90;.63,433-=./:93;:7703,43:.N.903,9:73:/4.4:/L238.7B3,3-8.-:793-./
73/0/43,;0./7:4@70;./:503,240-0?.,9:2,6:4:7./B,;7:,:939:5-3.-063,4.;0@,
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 0/3L20373.;42.7/:5735*('52/)6*66'3)./&2.)312),/*/3=2393:503,8.70.7
3-,>637:93=:-:/93-.6EL20,.:503,-.<73;23,;0.

 	.7.8.70.73-,>637:93=:-:/93-.6EL20,.3/,3;3/.70:L233I0/4.,
.77:--.603,4:/;:6=-363,4.70:/3,3-3/4.4:7;:,90/40,4:,>637:93=:-:/!=.7.L23
/31>,-.;:,3I0@,3/4.5-3;09.3-6:4:7<2,;0:,3.-.83-:;09.99343760,.9.=:7-:/
=:-://:63409:/.-;.6=:6.1,P40;:

 0,365.71:!3-6P4:9:6E/<73;23,4363,4336=-3.9:3/3-938.70.;0@,93
83-:;09.9=:7;.650:93<73;23,;0.!M.L23:<73;3,2,.7312-.;0@,/2.83M.-.71.,-.
809.>40-93-./=.743/0,8:-2;7.9./-:L23:7010,.2,.K:77:3,3-6.,43,0603,4:93-.
6EL20,.

 :,3/4340=:937312-.;0@,=:7;.650:93<73;23,;0./3=2393:543,372,
.6=-0:;:,47:-9383-:;09.93/!;:,3-6EI06:=.790/=:,05-33,4:9./-./<73;23,;0./
;:,2,3-38.9:73,90603,4:!M/3=7:=:7;0:,..-6:4:7;:,2,.77.,L23M2,<73,:
/2.83/

 /4340=:93;:,47:-/373.-0?.0,437;.-.,9:3,473-.739M3-6:4:72,;:,837409:7
93<73;23,;0.5./.9:3,8.70.9:73/3/4E40;:/3-3;47@,0;:/L23/:,;:,47:-.9:/=:72,
60;7:=7:;3/.9:7L23240-0?.2,.-1:7046:93;:,47:-=.7.8010-.73-<-2J:M=.793-6:4:7
./B,;7:,:/4:/;:,837409:73/=2393,/37:503,2,		L2347.,/<:76.
;:7703,43.-437,.;:,2,.<73;23,;0.9.9.3,;:7703,43.-437,.9390/40,4.)63,:7*
<73;23,;0.:503,2,		L2373.-0?.2,=./:0,4376390:=:7;:7703,43
;:,40,2.240-0?.,9:2,73;40<0;.9:7/31209:932,0,837/:7

 /4:/;:,837409:73/933,-.;3403,3,2,73;40<0;.9:7;:,47:-.9:93=23,43
;:6=-34:;:,3;4.9:.-.739L2347.,/<:76.-.;:7703,43.-437,.3,;:,40,2./4.
;:7703,43/3=./.=:72,<0-47:L23-./2.80?.M93/=2P//3K.;3=./.7=:72,0,837/:7L23
3/4E;:,47:-.9:6390.,43-.4P;,0;.936:92-.;0@,93.,;K:93=2-/:	O)	2-/3
O094K:92-.40:,*/93;07!2,.:,9.93.6=-0429<0J.!=37:.,;K27.8.70.5-3.
/3;23,;0.93-.:,9.	O/3;73.;:,2,..6=-0429M<73;23,;0.;2M.;:6=:,3,43
<2,9.63,4.-6.,43,1.3-6:4:73,3I;04.;0@,;:6=-34.)7.40:US?*M.-.83-:;09.9
93/3.9.93<2,;0:,.603,4:

 7./3-=./:=:73-0,837/:7/3:5403,32,.:,9.93;:7703,43.-437,.;:,
<73;23,;0.90/40,4..-.93739!=37:L233/;.=.?93;73.72,.<:76.93;:7703,43
/3,:09.-3,3-6:4:793<:76.L23/3=2393;:,47:-.73-<-2J:93-.6EL20,.

 /4:/;:,837409:73//23-3,90/=:,374.650P,938.70:/90/=:/0408:/93
=7:43;;0@,

 /433/3-40=:93;:,837409:7L23/3K.240-0?.9:3,3-=7:M3;4:
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Ventajas e inconvenientes del uso de PWM con IGBTs 

 -93/.77:--:93-:/90/=:/0408:/3-3;47@,0;:/93=:43,;0.93<E;0-;:,47:-!.-4.
<73;23,;0.93;:,624.;0@,M;.=.;09.96390.93=:43,;0.K.,=3760409:L233,-./
43;,:-:1B./93-:/0,837/:73//3=././3932/.74070/4:73/)*M/!.-.240-0?.;0@,
93/3:5/378.L23.63909.L23/3.263,4.-.<73;23,;0.93;:,624.;0@,93-
=23,43!3/63,:7-.4./.9390/4:7/0@,.76@,0;.93-./;:7703,43/!M=:7-:4.,4:/3
:5403,32,.6.M:7;.-09.93,-.240-0?.;0@,93-/0/436.

 -2/:93-:///2=:,3!3,=70,;0=0:!2,./370306=:74.,439383,4.J./+

⊕ ./.-4./<73;23,;0./)93K./4.FRS?*M-:/5.J:/4036=:/935.J.9.)F,/*
90/60,2M3,-./=P7909./93-0,837/:7M-:/,083-3/937209:.;>/40;:!M63J:7.,-.
;.-09.993<:76.93:,9.93;:7703,43!;:,-:;2.-4.650P,90/60,2M3,-./=P7909./
3,-:/938.,.9:/93-6:4:7!M63J:7.,/23<0;03,;0.
⊕ ./=P7909./933,;3,909:93-0,837/:74.650P,/37392;3,M.L23-://403,3,
6.M:783-:;09.9933,;3,909:L23:47://360;:,92;4:73/
⊕ -3I0/40763,:73/=P7909./!3-4.6.N:93-:/90/0=.9:73/93;.-:793-0,837/:7/:,
6E/=3L23N:/!;:,-:L23/390/60,2M33-4.6.N:93-90/=:/0408:
⊕ .650P,/390/60,2M3,-:/;:/43/93=7:92;;0@,!M.L23-://3/4E,
;:,47:-.9:/=:743,/0@,M,:,3;3/04.,2,;07;204:93;:,47:-4.,;:6=-3J:;:6:
:47:/90/=:/0408:/L233/4E,;:,47:-.9:/=:7;:7703,43
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 	37:!;:,3-2/:93-:/4.650P,K.,.=.73;09:2,./3703930,;:,83,03,43/+

⊗ I0/43,;0.93;:7703,43/;.=.;0408./93.;:=-.603,4:93509:.-..-4.<73;23,;0.93-
0,837/:7+
:/;:,92;4:73//3=.7.9:/=:72,
.0/-.,43/3;:6=:74.,;:6:2,
;:,93,/.9:7:/938.,.9:/93,47:93-
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
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..-4.83-:;09.9933,;3,909:93-:/=7:92;3,=2-/:/9343,/0@,;:,
936./0.9.=3,903,43!/0-.-:,1042993-;.5-33/62M-.71..=.73;3,:,9./80.J37./M
<3,@63,:/9373<-3I0@,!;:,-:L23/3=7:92;32,./:57343,/0@,L23=2393--31.7.
/2=37.783;3/-.43,/0@,=:72,09.9)=2*M;73.73/<237?:/3,-://0/436./93
.0/-.603,4:2,L23/:-::;2773,3,=3L23N:/=370:9:/934036=:!:;2773,60-3/93
83;3/;.9./312,9:

⊗ -4:/17.903,43/9343,/0:,3/47.,/04:70./93,47:93-:/938.,.9:/93-.6EL20,.+
:/.-4:/9U94/:,;.650:/9343,/0@,3,4P760,:/93-4036=:93=7:=.1.;0@,93-.
:,9..47.8P/93-;.5-3!L23K.;3,L23-.90/47052;0@,3,3-.0/-.603,4:93-6:4:7,:
/3.2,0<:763,.93-./<:76./3,-./L23.=.73;373<-3J.9:3/6390.,4393/;.71./
=.7;0.-3/):;:7:,.*!L239.N.,3-.0/-.603,4: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⊗ ,13,37.-!/383.263,4.9:3-83;4:7933/<237?:/)P760;:/!-P;470;:/!
6503,4.-3/M3;E,0;:/*+
 .;:6=:,3,433-P;470;.=:73-17.903,439343,/0@,
 .4P760;.=:73-.263,4:93436=37.427.3,3-6:4:7
 -4P760,:63;E,0;:=:7-:/3<3;4:/93-./:/;0-.;0:,3/M-./93/;.71./=.7;0.-3/3,
/2;:,/472;;0@,M3,/.65-.9:

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Efectos de ondas PWM sobre los aislamientos del motor: sobretensiones y 
descargas parciales 

 :/<.--:/3,3-63;.,0/6:93-6:4:7/:,93509:/.-.43,/0@,93<:76.	O
93.-063,4.;0@,93-0,837/:7M403,3,-21.73,3-/0/436.93.0/-.603,4:93-.6EL20,.!
-:L23.;:74.-.809.93-.60/6.:/;:6=:,3,43/=706.70:/93-/0/436.93
.0/-.603,4:/:,+

 -.0/-.603,4:6.1,P40;:3,-:/;.5-3/93-3/4.4:7
 0/436.9373/0,.93-3/4.4:7
 -.0/-.603,4:93<./3
 -.0/-.603,4:93-./7.,27./

 -3/<237?:3-P;470;:.-L23/383/:63409:3-6:4:73/6.M:7L233,
<2,;0:,.603,4:/3,:09.-!9:,93/:-:06=:74.3-=0;:9343,/0@,.-.<73;23,;0.
<2,9.63,4.-!603,47./L233,3-<2,;0:,.603,4:;:,0,837/:74.650P,K.ML2343,373,
;23,4.3-=0;:9343,/0@,73/2-4.,4393-<3,@63,:9373<-3I0@,L23/33I=-0;.7E3,
/01203,43/.=.74.9:/

 :/=70,;0=.-3/6:9:/93<.--:/39.,+

 $./3<./3+3I0/4372=427.93-.0/-.603,4:3,-:/;.5-3/9390/40,4./5:50,./!
3,47.,9:3,;:,4.;4:3,4733--./
 $./340377.+/23-3,/377.7:/=23/4:L23-.$3/63,:7L23-.	3,-.
6.M:7B.93-:/6:4:73/
 ,4733/=07./:3,4735:50,./+3/-.=70637.5:50,.-.L23/:=:74.2,.6.M:7
90<373,;0.9343,/0@,

 /4:/<.--:/:;2773,;2.,9:-..6=-0429M3-4036=:93/2509.93-:/=2-/:/
;:,40,2:/93-.:,9.	O3I;393,-.;.=.;09.99373/0/43,;0..-:/3/<237?:/93-.
43,/0@,47.,/04:70.93-/0/436.93.0/-.603,4:-3/<237?:3-P;470;:/393<0,3=:73-
,>637:M-..6=-042993-:/=2-/:/).65:/3,8.-:73/93=0;:M;:,/2<73;23,;0.
;:773/=:,903,43*

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
	
		
		

	

	


  


 	.7.63J:7.7-.73/=23/4.93-/0/436..,433-3/<237?:3-P;470;:/3=2393.;42.7
/:573;.9.3-363,4:+

 :,837409:7+./3127E,9:,:/L233-=.47@,93:,9./3/3-.=7:=0.9:=.7.3-
/0/436.
 $0-47:/+7392;3,-./.-4./<73;23,;0./93-./.6=-04293/3,3-3/=3;47:93-.
43,/0@,93-6:4:7M.263,4.,9:3-470/393-:/=2-/:/
 .5-3+.9.=4.,9:-.-:,10429M-.06=39.,;0..-/0/436.
 38.,.9:/93-6:4:73/=3;0.-63,4390/3N.9:/=.7.7392;073-3/<237?:3,473
3/=07./3,2,938.,.9:5:50,.9:

 --B604393<.--:3,3-903-P;470;:,:3/3-93-=2-/:.-.43,/0@,9372=427.93-.
701093?93-.0/-.603,4:/0,:2,:6E/5.J:06=23/4:=:7-./93/;.71./=.7;0.-3/,2,
/0/436.93=2393,3I0/407:,:93/;.71./=.7;0.-3/!=37:,:/393533I;39373-,083-
9343,/0@,93.=.70;0@,93-.93/;.71.=.7;0.-=.7.=73/378.7-.809.93-6:4:7

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Teoría de Ondas Viajeras en líneas de transmisión 
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Aplicación al sistema Inversor - Cable – Motor 
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
 2.,9:K.47.,/;27709:3-+)'1=26'=&2=*>*/)0.)4=7:=*M-.:,9.0,;093,43
--31..-2-406:3-363,4:93-;.5-3!3-2-406:;:,93,/.9:7;:603,?..;.71.7/3K./4.
-.43,/0@,!=37:-.;:7703,438../31207;07;2-.,9:.47.8P/93-.2-406.06=39.,;0.
93-;.5-3M.L23-.06=39.,;0.93-6:4:73/62;K:6E/17.,93,3/436:63,4:
+9+&)3'?+=&2=/3=7:92;3-.=70637.73<-3I0@,!3-6:4:7.=.73;3;:6:2,;07;204:
.50374:M-.43,/0@,/3=23933-38.7K./4.2,6EI06:43@70;:93


 .:,9.73<-3J.9.8..;07;2-.793/933-6:4:7K./4.3-0,837/:7;.71.,9:;.9.
;:,93,/.9:793-.-B,3..2,,083-6E/.-4:93-L23M.43,B.,=23/4:L233->-406:
;:,93,/.9:7/33,;23,47.;.71.9:.6.M:743,/0@,7.,/;27709:2,,238:4036=:93
=7:=.1.;0@,-.:,9.73<-3J.9./373<-3J.:47.83?3,3-0,837/:7!=37:3/4.83?;:,2,
<.;4:79373<-3I0@,!3-0,837/:7/3;:6=:74.;:6:2,;:74:;07;204:/4.:,9.
73<-3J.9.,:.-437.-.<:76.93:,9..-./.-09.93-0,837/:7=23/4:L23/260/0@,3/<0J.7
90;K.43,/0@,;:,2,8.-:7S.47.,/;27709:2,4036=:+&)3'?+=&2=M-.43,/0@,/3
6.,403,33,-:/43760,.-3/93-6:4:7

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

 ,.,238.:,9.73<-3J.9.!=37:3/4.83?,31.408.!/362383.-:-.71:93-;.5-3
K./4.3-6:4:7/4.,238.:,9.4.650P,3/73<-3J.9.3,3-6:4:7;:6:3,-.=70637.
73<-3I0@,.-9:5-393/28.-:7


 03/4.:,9..-;.,?.3-6:4:7603,47.//33/4E^;:,/472M3,9:_-.=70637.
73<-3I0@,!-.:,9.,31.408./373/4.7E93-.=70637.73<-3I0@,M:;27707E2,./:57343,/0@,
63,:73,-:/43760,.-3/93-6:4:7/93;07!/03-4036=:93=7:=.1.;0@,.-:-.71:93-
;.5-33/63,:7L23-.604.993-4036=:93/2509.!-./:57343,/0@,,:.-;.,?.7E3-8.-:7
6EI06:43@70;:!3-/0/436.3/4.7E.-063,4.9:.47.8P/932,;.5-393-:,10429.93;2.9.
	37:/043,36:/2,;.5-3-:/2<0;03,4363,43-.71:!3,3-L233-4036=:93=7:=.1.;0@,
/3.6.M:7L23-.604.993-4036=:93/2509.!-./312,9.:,9.,31.408.9373<-3I0@,
--31.7E936./0.9:4.793=.7.7392;073-=0;:9343,/0@,;.2/.9:3,-.=70637.73<-3I0@,


$0127..M574B;2-:VW

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Longitud crítica 

 /B=23//3=239393<0,07-.52.>)+,6/&4+)/*93-;.5-3;:6:.L23--.3,-.L233-
4036=:93=7:=.1.;0@,93-.:,9.80.J37.93/933-0,837/:7K./4.3-6:4:73/6.M:7L23
-.604.993-4036=:93/2509.93-=2-/:9343,/0@,13,37.9:3,3-0,837/:7!ML23=:7-:
4.,4:=7:92;32,./:57343,/0@,43@70;.6EI06.93-9:5-393-.43,/0@,.-./.-09.93-
0,837/:7

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
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
 0-.-:,10429/:573=././3-.;704!-./43,/0:,3/=:97B.,--31.7./376.M:73/:
012.-3/.-9:5-393-.43,/0@,.-./.-09.93-0,837/:793=3,903,9:93-3/=.;0.603,4:
3,473=2-/:/!3/93;07!93-.;.71.L23K.M.L239.9:.47.=.9.3,3-47.,/04:70:=7:92;09:
=:73-=2-/:.,4370:7/4:93=3,9393/0-.<73;23,;0.93-:/=2-/:/3/62M17.,93!93-
8.-:793-.73/0/43,;0.93.-437,.93.6:74012.603,4:93-;.5-3:93-.3I0/43,;0.93
;.650:/93=:-.709.9

 :6:/3K.80/4:K./4..K:7.!-.43,/0@,.-.L23/383/:63409:3-938.,.9:93-
6:4:793=3,934.,4:93-4036=:93/2509.93-0,837/:7;:6:93-.-:,1042993-;.5-3
L23-:.-063,4.,3-.74B;2-:V"WK.M2,.<0127.L23,:/623/47.3/4.93=3,93,;0.3,
<:76.17E<0;.!3,3-=7:M3;4::543,9736:/,23/47.=7:=0.;278.=.7.=:937;:6=.7.7-./
M936:/47.73/4.73-.;0@,+



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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Tiempo de subida 

 -+)'1=26'3,%)6*)470/3*3/4.93<0,09:3,-.,:76.=.74!M/3
93<0,3;:6:3-4036=:L2347.,/;277393/93L23/3.-;.,?.3-FX93-.43,/0@,93
;:,40,2..-./.-09.93-0,837/:7K./4.L23/3.-;.,?.3-"FX9390;K.43,/0@,/4.3/-.
93<0,0;0@,L23/3K.4:6.9:=.7.3-=7:M3;4:
$0174B;2-:V"W

 -4036=:93/2509..-./.-09.93-0,837/:73/4.9343760,.9:=:73-4036=:93
3,;3,909:93-://360;:,92;4:73/93-7312-.9:7!3,,23/47:;./:-:///3-
4036=:93/2509.3-L230,90;.-.<73;23,;0..-.;2.-9353,/373/4290.9./-./
06=39.,;0./;.7.;437B/40;./93;.5-3M6:4:7!=23/4:L23-.//:57343,/0:,3/:;2773,3,
-:/<73,43/93:,9.6.7;.9:/=:73/434036=:!3-.74B;2-:VW3/4.5-3;33/4.<73;23,;0.
3L208.-3,43;:6:<70/3AUpi470/3

 -4036=:93/2509.,:/:-:9343760,.-.-:,10429;7B40;.93-;.5-3.-.L23
:;2773,-.//:57343,/0:,3/!/0,:L234.650P,0,<-2M33,-.90/47052;0@,9343,/0@,,:
2,0<:76393,47:93-:/938.,.9:/93-6:4:7

 -470/39343760,.3-=:7;3,4.J39343,/0@,L23.=.73;33,-.=70637.5:50,.93-
938.,.9:93-6:4:70-.<73;23,;0.93/2509.)<70/3AUpi470/3*3I;04.-.<73;23,;0.
,.427.-93-./=70637./3/=07./93-938.,.9:!3/4./=2393,3,47.73,6:9::/;0-.4:70:

 03,3-;.5-3,:3I0/4390/4:7/0@,!3-4036=:93/2509..-./.-09.93-0,837/:73/
3-60/6:L23.-.3,47.9.93-6:4:7936E/3-=2-/:.-./.-09.93-0,837/:7M3-=2-/:
.-.3,47.9.93-6:4:793537B.,43,37-.60/6.<:76.!=37:-.3I=3703,;0.93623/47.L23
,:3/./B!=23/4:L23-.73/0/43,;0.93-;.5-3M-./=P7909./3,3-903-P;470;:0,47:92;3,
;0374:.6:74012.603,4:3,-.:,9.
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Oscilación, amortiguamiento y distorsión 

 -:-.71:93-;.5-3/3/260,0/47.2,.3,371B.3-P;470;.012.-.c8=7:=!=37:
4.650P,K.M2,.3,371B.93=P7909./93509./.<21./012.-.8=7:=a.,E-:1.63,43-.
3,371B.6.1,P40;.L23;07;2-.=:73-;.5-33/012.-.c!M/2/=P7909./+
./
=P7909./3,3-;.5-3/:,-./73/=:,/.5-3/93-<3,@63,:93-..43,2.;0@,!L238..K.;37
L233-<73,4393:,9.93;.01.93<:76.3I=:,3,;0.-+

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−
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−
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−
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FF
FF 
;2.;0:,3/93--057:VW

 :/<73,43/93:,9.93-.43,/0@,M-.0,43,/09.99353,;26=-07-.
=7:=:7;0:,.-09.906=23/4.=:7-.-3M93K6!M3/4.;:,90;0@,/3/.40/<.;3
;:6=-34.63,43/0-:/3I=:,3,43//:,,26P70;.63,43012.-3/+
UAU03/4.
;:,90;0@,,:/3;26=-33/=:7L233I0/433,3-;07;204:2,3I;3/:933,371B.!503,
3-P;470;::6.1,P40;:/4./042.;0@,=7:8:;.2,=7:;3/:;:,40,2:933,371B./L23/:,
73<-3J.9./3,;.9.=2,4:93-.-B,3.=7:8:;.,9:2,;.650:3,-.<:76.93:,9.!3/
93;07!90/4:7/0:,E,9:-.

 /4./73<-3I0:,3/80.J.,93/932,=2,4:93-.-B,3.K./4.L23/33,;23,47.,;:,
3-<73,4393-.:,9.!3/4:=376043L23-./:,9./0,;093,43/6.,43,1.,2,.
=7:=:7;0:,.-09.93/470;4.3,3-<73,4393:,9.)>,0;:/040:9:,93-./3;2.;0:,3/93:,9./
-:936.,9.,*M./B=23//3=2393/260,0/47.7-.3,371B.93=P7909./,3;3/.70.

 3:5/378.L23-:/<73,43/93:,9./3K.;3,63,:/3/;.7=.9:/M-.;:-.93-.
:,9./3K.;36E/-.71.

 :76.-63,433-=7:;3/:93.43,2.;0@,803,3.;:6=.N.9:=:73-9390/4:7/0@,

 47:<3,@63,:L23;:,47052M3.-..43,2.;0@,M90/4:7/0@,93-./:,9./3/3-
'-'/+2/2&2.*,.;:7703,43;:7:,..=.73;37E/:57306=23/4..-.;:7703,4393;.71.
;.9.83?L23.=.73?;.3-3<3;4:;:7:,.
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
IV. Procesos de medida 

 ,3/43.=.74.9:/33I=-0;.7E;:6:/3--38:.;.5:-.9343760,.;0@,93-./
06=39.,;0./93-;.5-3M93-6:4:7/3=:97E,:5/378.7-:/=7:;3/:/93/:57343,/0@,
3I=-0;.9:/3,3-;.=B42-:.,4370:7
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
Impedancia característica del cable 

 -3/L236.3-P;470;:L23;.7.;4370?.2,;.5-39347.,/60/0@,933,371B./3
73=73/3,4.;:,=.7E6347:/90/4705209:/.-:-.71:934:9./2-:,1042993-/01203,43
6:9:+

 34.-<:76./393<0,3-.06=39.,;0.;.7.;437B/40;.;:6:+


 	.7.0,43,4.763907-.06=39.,;0.;.7.;437B/40;.93-;.5-3/3240-0?.7:,9:/
6P4:9:/+2,:;:,/0/4B.3,63907-.06=39.,;0.93<./33,2,:93-:/;:,92;4:73/aM3-
:47:3,:543,37-.06=39.,;0.;.7.;437B/40;.;:6:-.7.B?93-=7:92;4:93-./
06=39.,;0./:543,09./3,;07;204:.50374:)60903,9:-.7.6.=.7.-3-:*M3,;:74:;07;204:
)6390.6:/5E/0;.63,43-.06=39.,;0.93-.7.6./370393-3/L236..,4370:7*!-.
3I=73/0@,240-0?.9.3/ &&&+)& *** ⋅= 

 	23/4:L23=.7.-.;:,3I0@,93-;:,837409:7M3-6:4:7,:/305..240-0?.73-
;.5-393,3247:!-.;:,<0127.;0@,L23/3240-0?@=.7.63907!3,.65:/6P4:9:/!;:,/0/40@
3,;:74:;07;204.7473/93-:/;:,92;4:73/!93J.73-,3247:/23-4:!M73.-0?.7-./63909./3,
3-:47:;:,92;4:7L23L239.5./23-4:

 2,L233,-:/3/L236./93;:,3I0@,L23/3623/47.,.;:,40,2.;0@,.=.73;3
/036=739052J.9:3-;.5-39340377./3;:6=7:5@L2337.0,90<373,433,L2P;:,92;4:7/3
609037.!=23/4:L23.-43,374:9:/-:/;:,92;4:73/-./60/6./9063,/0:,3/<B/0;./-./
;.7.;437B/40;./3-P;470;./4.650P,/:,012.-3/
	706376P4:9: 312,9:6P4:9:
6=39.,;0.93<./3 07;204:.50374: :74:;07;204:



3/-./.-09.9363909.9343,/0@, 3/-./.-09.93.-063,4.;0@,93


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

 	.7.-.6390;0@,9306=39.,;0.//3K0?:2/:93-.,.-0?.9:793<73;23,;0./


73.-0?.,9:2,5.7709:93<73;23,;0./93/93S?.S?!4:6.,9:F
=2,4:/=:79P;.9.!M;:,2,..6=-042993:,9.93<73;23,;0./6.M:73/-./
63909.//383,.<3;4.9./=:7=7:5-36./93:/;0-.;0@,!93509:.-.-:,1042993-:/
=7:=0:/;.5-3/9363909.

 936E/9363907-.06=39.,;0.;.7.;437B/40;./373.-0?.7:,63909./=.7.
:543,37-.83-:;09.993=7:=.1.;0@,93-;.5-3=.7.;.7.;4370?.7-:93<:76.6E/
;:6=-34..L233,2,.-B,3.093.-/0,=P7909./-.06=39.,;0.;.7.;437B/40;.M-.
83-:;09.993=7:=.1.;0@,=2393,3I=73/.7/3;:6:<2,;0@,93DM
D
)3,=:7
2,09.993-:,10429*

 	.7.63907;:,L2383-:;09.9/347.,/6043-.:,9.3,3-0,4370:793-;:,92;4:7/3
6090@;2E,4:4036=:4.79.5.2,.:,9.;2.97.9.93.6=-0429M<73;23,;0.S?
;:,2,;0;-:9347.5.J:932,FX3,73;:7737-.-:,1042993-60/6:3.-063,4@3-
;.5-3=:72,:93-:/3I4736:/M/3:5/378@-.:,9.4.,4:.-;:603,?:;:6:.-<0,.-93-
;:,92;4:7!3-93/<./33,473.65./:,9./,:/0,90;.3-4036=:93=7:=.1.;0@,!;:,-:
;2.-=:936:/;.-;2-.7-.83-:;09.993=7:=.1.;0@,;:6:+


 -3/L236.936:,4.J3L23/373.-0?@/3623/47..;:,40,2.;0@,+

 .,4:-./63909./93-.06=39.,;0.).65:/6P4:9:/*;:6:-.63909.=.7.
;.-;2-.7-.83-:;09.993=7:=.1.;0@,/373.-0?.7:,=.7.473/-:,104293/90/40,4./93
;.5-3+!F6! ! F6M6.=7:I06.9.63,43

 ;:,40,2.;0@,/3623/47.,-:/9.4:/:543,09:/=.7.;.9.-:,10429+

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
Cable de longitud 4,20 m.  
Primer método: Medida de la impedancia de fase 

 373.-0?.7:,-./63909./3,4.,/:-:2,:93-:/;:,92;4:73/:/73/2-4.9:/
17E<0;://3623/47.,3,-.=E10,./01203,43

 :/9.4:/:543,09://3=2393,.J2/4.7.2,;07;204:
/3703+
R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,10542 0,00012062 0,11442
L1 Free(+) 5,7423E-6 7,6865E-9 0,13386



 4.-;:6:/3:5/378.!3-377:793-.J2/433/62M=3L23N:	:7-:L2373.-63,43
/3=239393;07L232,;.5-3/3;:6=:74.93<:76.0,92;408.

 :6:-.63909.93-.83-:;09.993=7:=.1.;0@,/3K.4:6.9:.S?!L233/
-.6EI06.<73;23,;0..-.;2.-,:K.M377:73/93=73;0/0@,!/38..73/.-4.73/439.4:=.7.
-231:;.-;2-.7-:/8.-:73/93M3,=293-:,10429-8.-:793-.06=39.,;0.
63909.;:,3/436P4:9:3/GA!"d  !""eΩ
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
 .3/;.-.93<73;23,;0./3/-:1.7B460;.!/263909./3:<73;33,K37;0:/,-./17E<0;./93-.0?L20379./373=73/3,4.3-6@92-:93-.06=39.,;0.dGd3,
:K60:/M3-E,12-:4K34.3,17.9:/3,-./17E<0;./93-.9373;K./373=73/3,4.-.=.74373.-G`)3/93;07
*M-.=.74306.10,.70.G``)\Jω@Jω*.65./3,
:K60:/3240-0?.,-./60/6./2,09.93/3,4:9./-./17E<0;./933/43;.=B42-:

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
Segundo método: Medida de la impedancia en circuito abierto y en cortocircuito 

 ,-./=E10,.//01203,43//3623/47.,-./63909./3,;07;204:.50374:)G*!3,
;:74:;07;204:)G*M-.06=39.,;0.;.7.;437B/40;.)G*L2373/2-4..-:=37.7;:,-./9:/
.,4370:73/

 :/73/2-4.9:/=.7.3-;07;204:.50374:,:/9.,2,;07;204:3L208.-3,43;.=.;0408:!
=23/4:L23-:L2373.-63,433/4.6:/60903,9:3/-.;.=.;09.93I0/43,433,473-:/
90/40,4:/;:,92;4:73/

 -3/L236.3L208.-3,4373/2-4./37+
R1
C1
Element Freedom Value Error Error %
R1 Free(+) 8,4903E6 81719 0,9625
C1 Free(+) 3,931E-10 2,3757E-12 0,60435



 ,;.650:!;2.,9:6:,4.6:/2,;:74:;07;204:!3-;.5-3=./..;:6=:74.7/393
6:9:0,92;408:+


R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,14159 0,0003057 0,21591
L1 Free(+) 2,4665E-6 7,4378E-9 0,30155


 0:=37.6:/93<:76.;:6=-3J.;:,-:/73/2-4.9:/:543,09:/!--.6.,9:G.-.
06=39.,;0.3,;07;204:.50374:MG.-.06=39.,;0.3,;:74:;07;204:!M240-0?.6:/-.
3I=73/0@,=.7.;.-;2-.7-.06=39.,;0.;.7.;437B/40;.-:L23:543,36:/3/-.17E<0;.
6:/47.9.3,-.=E10,.+

&&&+)& *** ⋅= 

 -73/2-4.9:=.7.-.<73;23,;0.93S?3/G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Medida de la velocidad de propagación 
 ,3-;.,.-/3623/47.,-./63909./:543,09./.-;:603,?:93-;.5-3+

 ./63909./3,3-;.,.-)<0,.-93-;:,92;4:7*+


	
		
		

	

	


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

 3K.63909:3-93/<./33,473-.:,9..-;:603,?:93-;.5-3M-.:,9..-<0,.-93-
;.5-33,8.70./?:,./+;2.,9:36=03?...263,4.7-.=3,903,4393/2509.9343,/0@,!3,
3-=./:=:7;37:93.65./!M;2.,9:2,.83?3/4.50-0?.9.-.43,/0@,!;37;.93/2
6EI06:!;:603,?.-.=3,903,43935.J.9.

 ,-./=E10,.//01203,43//3623/47.,90;K./:,9./;:,-:/4036=:/9393/<./3
,4:9./3--.//373.-0?:2,.63909.;:,2,.5./3934036=:63,:7=.7.=:937.=73;0.7
63J:73/393/<./3;:,2,..6=-0.;0@,
 
 ,-.4.5-.L23.=.73;3.;:,40,2.;0@,/3K.;.-;2-.9:-.83-:;09.993
47.,/60/0@,/31>,3--21.79:,93/3K.63909:+

 ;:,92;4:7)6* 493/<./3),/* 847.,/60/0@,)6Uµ/*
,43/93-.=3,903,4393/2509. !F !& F! 
,3-=./:=:7;37: !F F!  F!& F
,43/93-.=3,903,43935.J.9. !F ! !
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.65./:,9.//:,90/40,4./!;:,-:L233-=./:=:7;37:93-.43,/0@,/383.<3;4.9:=:7
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Cable de longitud 8,80 m.  

Primer método: Medida de la impedancia de fase 

 ./17E<0;./73/2-4.,43//3623/47.,3,-.=E10,./01203,43

 :/9.4:/:543,09://3=2393,.J2/4.7.2,;07;204:
/3703!.-012.-L233,3-
;./:.,4370:7!93509:.-;:6=:74.603,4:0,92;408:93-;.5-3+

R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,22333 0,00027117 0,12142
L1 Free(+) 1,2034E-5 1,7124E-8 0,1423



 :6.,9:3-8.-:76390:73/2-4.,4393-./63909./3,4:9:/-:/;:,92;4:73/!3-
8.-:793-.06=39.,;0.63909.;:,3/436P4:9:.S?3/GA!d  !"  eΩ
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Segundo método: Medida de la impedancia en circuito abierto y en cortocircuito 

 ,-./=E10,.//01203,43//3623/47.,-./63909./3,;07;204:.50374:!3,
;:74:;07;204:M-.06=39.,;0.;.7.;437B/40;.L2373/2-4..-:=37.7;:,-./9:/.,4370:73/

 ,3/4.:;./0@,/373.-0?.7:,63909./3,-:/;2.47:;:,92;4:73/)-./473/<./3/M
40377.*!=:73/:3,-./17E<0;./.=.73;3,;2.47:;278./3,;0:,.7L23.2,L233,-.
06=39.,;0.93<./3,:/3:5/378.,17.,93/90<373,;0./!/0/3=37;053,9:/;278./
90/40,4./4.,4:3,-.06=39.,;0..;07;204:.50374:;:6:.;:74:;07;204:93=3,903,9:93
-.;37;.,B.93-;:,92;4:7.-;.5-393,3247:L233/3-L23L239./23-4:>,./B-.
90<373,;0.3,4733/4./9:/;278./3/62M=3L23N.3,8.-:73/.5/:-24:/!=:7-:L233,-:/
.J2/43/.3/L236./
M
/3K.4:6.9:2,.93-./63909./!M=.7.3-8.-:793S?
M=.7.-./4.5-./93;:6=.7.;0@,/3K.73.-0?.9:2,8.-:7=7:6390:3,473-./63909./93
-:/;2.47:;:,92;4:73/

 -3/L236.3L208.-3,43=.7.-.63909.3,;07;204:.50374:3/2,
=.7.-3-:+

R1
C1
Element Freedom Value Error Error %
R1 Free(+) 8,4274E6 97064 1,1518
C1 Free(+) 8,6271E-10 5,3855E-12 0,62425


 	.7.3-6:,4.J33,;:74:;07;204:!3-3/L236.3/2,
/3703+


R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,29895 0,00062731 0,20984
L1 Free(+) 4,9409E-6 1,4598E-8 0,29545


 .437;37.17E<0;.!-.L23/0123.-.9306=39.,;0.3,;07;204:.50374:M3,
;:74:;07;204:!.-012.-L233,3-;./:93-:,10429!F6!/3;:773/=:,93.-.06=39.,;0.
;.-;2-.9.;:6: &&&+)& *** ⋅= !;:,/0937.,9:4.,4:3-6@92-:;:6:3-.71263,4:

 -73/2-4.9:=7:6390:L23:543,36:/=.7.-.<73;23,;0.93S?3/
GA&!dF!eΩ

	
		
		

	

	


  

 3909.93-.06=39.,;0.3,;07;204:.50374:+


100 101 102 103 104 105 106
102
103
104
105
106
107
Frequency (Hz)
|
Z
|
100 101 102 103 104 105 106
-100
-75
-50
-25
0
Frequency (Hz)
t
h
e
t
a
100 101 102 103 104 105 106
0
2,5e6
5,0e6
7,5e6
1,0e7
Frequency (Hz)
Z
'
100 101 102 103 104 105 106
-5e6
-4e6
-3e6
-2e6
-1e6
0
Frequency (Hz)
Z
'
'




	
		
		

	

	


  

 3909.93-.06=39.,;0.3,;:74:;07;204:+

100 101 102 103 104 105 106
10-1
100
101
102
Frequency (Hz)
|
Z
|
100 101 102 103 104 105 106
-25
0
25
50
75
100
Frequency (Hz)
t
h
e
t
a
100 101 102 103 104 105 106
0
0,5
1,0
1,5
2,0
2,5
Frequency (Hz)
Z
'
100 101 102 103 104 105 106
-10
0
10
20
30
40
Frequency (Hz)
Z
'
'





	
		
		

	

	


  "

 6=39.,;0.;.7.;437B/40;.=.7.3-;.5-393-:,10429 ! F6+


0
200
400
600
800
1000
1200
1400
1600
1800
1,00E+00 1,00E+01 1,00E+02 1,00E+03 1,00E+04 1,00E+05 1,00E+06
frec (Hz)
m
o
d
u
l
o
 
(
o
h
m
)
9 m
-45
-40
-35
-30
-25
-20
-15
-10
-5
0
1,00E+00 1,00E+01 1,00E+02 1,00E+03 1,00E+04 1,00E+05 1,00E+06
frec (Hz)
a
r
g
 
(
g
r
a
d
o
s
)

	
		
		

	

	


  $

Medida de la velocidad de propagación 
 ,3-;.,.-/3623/47.,-./63909./:543,09./.-;:603,?:93-;.5-3+

 ./63909./3,3-;.,.-)<0,.-93-;:,92;4:7*+
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!F6!/34:6.7.2,8.-:76390:
43,03,9:/:-:3,;23,4.-./63909./.,43/93-;.650:93=3,903,43.83-:;09.993
=7:=.1.;0@,73/2-4.,433/& !6Uµ/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Cable de longitud 17 m.  

 ./17E<0;./;:,-./63909./=.7.3-=70637M/312,9:6P4:9:/3623/47.,3,
=E10,.//01203,43/.,/:-:/373.-0?.7:,63909./3,2,;:,92;4:7
Primer método: Medida de la impedancia de fase 

 /4:/9.4://3=2393,.J2/4.7.2,;07;204:
/3703+

R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,44081 0,00066988 0,15197
L1 Free(+) 2,2116E-5 3,9819E-8 0,18005 


 -8.-:793-.06=39.,;0..S?3/GAF!Fd "!&eΩ

Segundo método: Medida de la impedancia en circuito abierto y en cortocircuito 
 ,;07;204:.50374:!3-3/L236.3L208.-3,433/+
R1
C1
Element Freedom Value Error Error %
R1 Free(+) 8,4956E6 1,0212E5 1,202
C1 Free(+) 1,7137E-9 9,5483E-12 0,55717 

 ,;:74:;07;204:+
R1 L1
Element Freedom Value Error Error %
R1 Free(+) 0,58784 0,0011723 0,19943
L1 Free(+) 9,6926E-6 2,7185E-8 0,28047
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Medida de la velocidad de propagación 

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Comparación de medidas según la longitud el cable. 
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 Comparando las medidas del método 1, es decir, la medición de la 
impedancia de fase: 
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 Comparando las medidas del método 2: impedancias en circuito abierto 
y en cortocircuito.  
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 Comparación entre los dos métodos para medir la impedancia 
característica: 
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 Comparando las medidas de la velocidad de propagación: 
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Impedancia característica del motor 
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 ,3/4./17E<0;.//3:5/378.;:6:.=.7407932,:/&RS?3-6@92-:;:603,?..
90/60,207M3-.71263,4:/3823-83,31.408:K./4.;./0"Fe);./:093.-932,
;:,93,/.9:7*!3/4:L2037393;07L233-6:4:793J.93;:6=:74.7/393<:76.0,92;408.
=.7.=./.7.K.;37-:93<:76.;.=.;0408.

 	.7.73=73/3,4.73/43;:6=:74.603,4:6390.,432,3/L236.3-P;470;:/39353
43,373,;23,4.L233-3/L236.,:93539.7,://:-.63,430,<:76.;0@,/:5733-8.-:793-
=0;:9343,/0@,L233-6:4:7.12.,4.;2.,9:/33,3710?.!/0,:4.650P,/:573;:6:/3
90/47052M3-.43,/0@,3,/20,4370:7M;:6:3//273/=23/4.:/;0-.4:70.-012.-L233,3-
;.5-3/3240-0?.2,6:93-:93=.7E6347:/90/4705209:/

 -3/L236.3L208.-3,43932,.6EL20,../B,;7:,.<2,;0:,.,9:.<73;23,;0.
0,92/470.-93FS?;:,/0/435E/0;.63,433,2,.06=39.,;0.93;.7E;4370,92;408:
);07;204:
3,/3703*!=37:.936E/3,3/436:93-:!=.7.;.7.;4370?.73-<2,;0:,.603,4:
..-4./<73;23,;0./!/343,97E3,;23,4.L233I0/432,.0/-.603,4:3,473-./3/=07./93-
=7:=0:938.,.9:L23=:936:/73=73/3,4.76390.,43;.=.;09.93/43,903,9:3,;23,4./2
;.7E;43773.-6390.,432,.73/0/43,;0.;:,3;4E,9:-.3,=.7.-3-:
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
 :/8.-:73//01203,43//:,3-73/2-4.9:93-:/.J2/43/93-:/9.4:/63909:/3,-:/
938.,.9:/!MO73/=3;408.63,43M.J2/4.9:/.-3/L236.3L208.-3,43+

R1 L1
C1
R2
Element Freedom Value Error Error %
R1 Free(+) 103 2,0294 1,9703
L1 Free(+) 0,17239 0,0027067 1,5701
C1 Free(+) 7,8577E-11 1,3241E-12 1,6851
R2 Free(+) 69210 2946,3 4,257

Element Freedom Value Error Error %
R1 Free(+) 104 1,9484 1,8735
L1 Free(+) 0,1717 0,0025641 1,4934
C1 Free(+) 7,768E-11 1,2433E-12 1,6005
R2 Free(+) 69341 2824,2 4,0729 

Element Freedom Value Error Error %
R1 Free(+) 102,4 1,9116 1,8668
L1 Free(+) 0,17418 0,0025922 1,4882
C1 Free(+) 8,3826E-11 1,3296E-12 1,5861
R2 Free(+) 66113 2642 3,9962

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

 :6:836:/3,-./17E<0;./-:/8.-:73/,:/:,62M90/40,4:/=.7.2,938.,.9:2
:47:!;:,-:L23=:936:/6:93-.73-;07;204:;:,-:/8.-:73/6390:/+

 
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 F !F !&  &"!
O F! !   ! & &&!
	7:6390: F! !  F!F & !

 -8.-:793-.06=39.,;0..S?3/GA 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 3909.93-.06=39.,;0.93<./3932,938.,.9:93-6:4:7+
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Comparación entre las impedancias características del motor y 
del cable.  
Cálculo de los índices de reflexión y refracción. 
 0.,:4.6:/-:/8.-:73/93-./06=39.,;0./;.7.;437B/40;./=.7.3-6:4:7M3-
;.5-393/;25706:/L23/:,5./4.,4390/40,4:/.-.<73;23,;0.93S?+

 dGd)Ω* 71263,4: G`)Ω* G``)Ω*
:4:7  !  !Fe &F!  !
.5-3 "! F!&e "!F F!& 

 -/37-.06=39.,;0.93-6:4:7)G*5./4.,436E/17.,93L23-.06=39.,;0.93-
;.5-3)G*!-.:,9.80.J37.L23/347.,/6043.-:-.71:93-;.5-3/33,;23,47.;:,2,.
90/;:,40,209.9M/3=7:92;3,9:/<3,@63,:/=.7./.-8.7-.+2,.73<-3I0@,L23/3
/2=37=:,3.-.:,9.0,;093,4330,43,4.3L20-057.7-./43,/0:,3/30,43,/09.93/.47.8P/
93-;.5-3M2,.73<7.;;0@,L23=3,347.3,3-6:4:7/.-8.,9:-.90/;:,40,209.9

 /4:/9:/<3,@63,://3;2.,40<0;.,;:,-:/;:3<0;03,43/9373<-3I0@,)Γ*M
73<7.;;0@,)Γ*L23403,3,-.//01203,43/3I=73/0:,3/+

 ,-./01203,4317E<0;./383;:6:8.7B.,.65:/;:3<0;03,43/;:,73/=3;4:.-.
<73;23,;0.+

 =.740793FRS?!.65:/;:3<0;03,43//:,;:,/4.,43/;:,2,:/8.-:73/62M
;37;.,:/./28.-:76EI06:,3-=3:793-:/;./:/3-/2'-)/)'.+'6'&'-5';)0.8.-3M
3-/2'-)/)'.+'6'&'-&*//)0.:/9.4:/=.7.-.<73;23,;0.93S?/:,
Γ6:4:7AF!"&MΓ6:4:7A!"&

 -;:3<0;03,439373<-3I0@,3,3-;:,837409:73/Γ;:,837409:7A!M.L23-.43,/0@,
3,/2/5:7,3//036=73/36.,403,3;:,/4.,43
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Diagrama de Lattice 
 40-0?.,9:-:/;:3<0;03,43/93
73<-3I0@,=.7.3-;:,837409:7M=.7.3-
6:4:7!/3K.9052J.9:3-90.17.6.93
.440;3

 ,3-3J3K:70?:,4.-/3
73=73/3,4.-.-:,1042993-;.5-3!934.-
<:76.L23/3=2393;:,:;373-8.-:793
-.43,/0@,73<-3J.9.3,;2.-L2037.=2,4:
93-.-B,3.

 ,3-3J383740;.-/373=73/3,4.
3-4036=:9347.,/60/0@,4L23/393<0,3
;:6:+

/B=:936://.5373,;.9.0,/4.,4393
4036=:;2.-3/-.43,/0@,73<-3J.9.M
;2.-/28.-:773/2-4.,43

 .:,9.0,;093,43403,32,8.-:7
0,0;0.-93F;:6:/3623/47.3,3-
=7063773;2.97:7:J:!;2.,9:--31..-
<0,.-93-.-B,3./373<-3J.;:,2,8.-:7
Γ6:4:7!M;2.,9:-.:,9.73<-3J.9.--31.
93,238:.-;:603,?:93-.-B,3./3
823-83.73<-3J.7;:,2,<.;4:7
Γ;:,837409:7
 ,-.17E<0;.93.5.J:/3K.
73=73/3,4.9:3-8.-:79343,/0@,.-<0,.-
93-.-B,3.!3/93;07-.43,/0@,L23833-
6:4:7!93/=2P/93=370:9:/
Γ/2.('&+)62&9 Γ12+2&9A8
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 -/01203,4317E<0;:4.650P,73=73/3,4.-.43,/0@,3,3-6:4:7!=37:=.7.2,
,>637:6.M:793=370:9:/!=.7.:5/378.7;2.,9:/33/4.50-0?.-.:,9.!L23-:K.;3
.-73939:793-=370:9:,>637:"F+


Cálculo de la longitud crítica 
 ,-./01203,434.5-./3K.;.-;2-.9:3-4036=:9347.,/60/0@,=.7.-./90/40,4./
-:,104293/+

)6*

),/*


!F  !  
!F !F 
!F F!   
!F !F ←;704=.7.470/3AF,/
!F !& 
 ! F !&F ←;704=.7.470/3AFF,/
!F !& 
!FF FF!FFF 
 !F F!F  
F!F F!   
 FF ←;704=.7.470/3AFF,/

 	:9736:/;.-;2-.7-.-:,10429;7B40;.93-;.5-3;:,/0937.,9:L23/03-4036=:93
=7:=.1.;0@,93-.:,9.L2380.J.93/933-0,837/:7K./4.3-6:4:73/6.M:7L23U3-
4036=:93/2509.93-0,837/:7!3,4:,;3//3=7:92;07E2,.73<-3I0@,=-3,.!L233,3-;./:
093.-/37E3-9:5-393-.43,/0@,93.-063,4.;0@,93-0,837/:7
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SOBRETENSIONES SEGÚN LA LONGITUD DEL CABLE 
 ,.83?;.-;2-.9:3-;:3<0;03,439373<-3I0@,Γ6:4:7AF!"&!M-./:57343,/0@,
6EI06.3/=37.9.93&L239343760,.6:/3,3-90.17.6.93.440;3!8.6:/.
:5/378.7L23/2;393;:,3--./93=3,903,9:93-.-:,1042993-;.5-3L23/32/3=.7.
.-063,4.73-/0/436.

 :/0,4373/.:5/378.7;:6:3/-./:57343,/0@,3,473<./3/.6:/.93<0,07-.
/:57343,/0@,;:6:3-8.-:79343,/0@,6EI06:3,-:/43760,.-3/93-6:4:7)6EI$$*M
-..6=-042993-.43,/0@,;:,40,2..-./.-09.93-0,837/:7).6=*

 ,-.4.5-.L23/3623/47..;:,40,2.;0@,!/3=2393,:5/378.74:9:/-:/9.4:/
63909:/=.7.-./90/40,4./-:,104293/93;.5-3!M4.650P,=.7.90/40,4:/4036=:/93
/2509.3K.=7:;27.9:L233/:/4036=:/93/2509.<23/3,=.7.;.9.-:,10429-:6E/
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 073=73/3,4.6:/-:/9.4:/93-.4.5-.43,03,9:3,;23,4.-:/473/=.7E6347:/!
:543,36:/-./01203,43<0127.+



 0/2=37=:,36:/3/4.06.13,.-.L233-<0240-0?.3,/2.74B;2-:+

5/378.6:/L23,23/47:/0/436./:=:74.4:9.8B.6.M:7-:,1042993;.5-3K./4.--31.7.
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V. Soluciones frente a la aparición de sobretensiones 

 3K.;:63,4.9:.,4370:763,43L23.-12,.93-./83,4.J./3,3-2/:93-:/
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Diseño de filtro RC en los terminales del motor 

 =3/.793-./83,4.J./93;:-:;.73-<0-47:.-./.-09.93-0,837/:7!=.7.:5/378.7
63J:7-.//:57343,/0:,3/!/38..240-0?.72,<0-47:
/042.9:.-.3,47.9.93-6:4:7

 -:5J3408:93-<0-47:3/012.-.7-./06=39.,;0./;.7.;437B/40;./93-;.5-3M3-
6:4:7,.83?/3;26=-.3-:5J3408:!/30,43,4.7E:=4060?.7-.3-3;;0@,93-.73/0/43,;0.
93-<0-47:
$M3-;:,93,/.9:793-<0-47:$=.7.L23-./=P7909./3,3-<0-47:/3.,
6B,06./M-.43,/0@,93=0;::543,09./3.-.93/3.9.

 	.7.3-90/3N:93-.73/0/43,;0./38..012.-.7.-.06=39.,;0.;.7.;437B/40;.93-
;.5-3!934.-6.,37.L23/31>,-.43:7B.93:,9./80.J37./M<3,@63,:/9373<-3I0@,!
K.5736:/012.-.9:3-;:3<0;03,439373<-3I0@,.FM,:/3=7:92?;.,/:57343,/0:,3/!M.
L23/3K.57E/.-8.9:-.90/;:,40,209.993-/0/436.

 -8.-:793$/33/4.5-3;33,<2,;0@,.-./:57343,/0@,3/=37.9.M-./=P7909./
3,3-<0-47:,;:,93,/.9:793/;.71.9:/3;:6=:74.;:6:2,;:74:;07;204:.,43
=3,903,43/7E=09./!M;:6:2,;07;204:.50374:.,438.-:73/93;:,40,2..<2,;0@,93-
;:,93,/.9:78../37^3,1.N.7_.-=2-/:L2380.J.=:73-;.5-3K.;03,9:L23-.
43760,.;0@,
$AG/3.@=406.3-4036=:/2<0;03,43=.7.L233-;:3<0;03,4393
73<-3I0@,/3.;37:ML233-<0-47:.=.73?;.;:6:2,;07;204:.50374:!-:;2.-90/60,2M.
-./=P7909./93=:43,;0.

 33/4.5-3;3,./B9:/;:,90;0:,3/=.7./2;E-;2-:+

 S.;37L23-.43,/0@,3,3-;:,93,/.9:7/3.63,:7L233-FX93-.43,/0@,93
;:,40,2..-<0,.-93-4036=:93/2509.

 S.;37L23τA
/3.63,:7L233-4036=:935.J.9.93-=2-/:!=.7../3127.7
L233-;:,93,/.9:73/4E.;37:0,0;0.-63,43
)&: *- =



	
		
		

	

	


  "


 :,-:;2.--.3I=73/0@,=.7.3-;E-;2-:933/+

03,9:I-./:57343,/0@,=3760409.

 3;.-;2-.-.=:43,;0.3,<2,;0@,93-.<73;23,;0.93<2,;0:,.603,4:93-
0,837/:7M3-8.-:793-;:,93,/.9:793-<0-47:+

 	.7.:=4060?.73-;E-;2-:93
$M$8.6:/.;.-;2-.7-:/=.7E6347:/93-<0-47:

=.7.L23,:73/2-43,3,2,;07;204:/:573:/;0-.4:70:+

Ω==≅


		



+=  F

`
`


)&
)&
::
:< *
&
(
&
-*
ω


 :/9.4:/,3;3/.70:/=.7.3-;E-;2-:93-<0-47:!;:,3/4./9073;470;3/!/:,-:/
/01203,43/+

*U)F&F
*U)FFF*)&
*)*U)FF*)*U)
 F


`
	
	=;>"
(;(;((
*
:

)&)&
)&
⋅=⋅=
⋅=⋅=⋅=
⋅=⋅=
Ω=
ωω
pipiω
µµ


 3/=3J.,9:-.73/0/43,;0.93-./3;2.;0:,3/.,4370:73/M/2/4042M3,9::543,36:/
2,.0,3;2.;0@,93/312,9:17.9:+

F




`


>−−
−=
:
:)&:)&
::
)&:
(&(&*
&
*-
ω
ω


 
3/:-803,9:3/4.3;2.;0@,,://.-3,9:/8.-:73/=.7.-.;.=.;09.92,:3/
=:/0408:M:47:,31.408:393/3;K.-./:-2;0@,,31.408.!=23/4:L23-./;.=.;09.93/
,31.408./,:403,3,3,3/43;./:,0,1>,/3,409:<B/0;:-.0,3;2.;0@,L239.73/23-4.
=.7..L23--./;.=.;09.93/6.M:73/.-./:-2;0@,=:/0408.


:
	
:
-'
&
⋅−
−=
*-,)
τ
:&: &" ⋅⋅=

:
)&
:
&
(
-
`
>



	
		
		

	

	


  "








:
:
::
::
&
-
,
&"
ω
+
=⋅⋅=


 :6:/3=2393:5/378.73,-./3;2.;0:,3/!-:/=.7E6347:/93-<0-47:403,3,L23
/3790/3N.9:/43,03,9:3,;23,4.-.-:,1042993-;.5-3;:,40,2.;0@,/3623/47.2,.
17E<0;.3,-.L23/3K.73/23-4:3-/0/436.930,3;2.;0:,3/=.7.8.70./-:,104293/93
;.5-3+


 936E/93-.-:,1042993-;.5-3/39353,43,373,;23,4.-./=P7909./93
=:43,;0.L23/2=:,30,437;.-.72,<0-47:3,3-/0/436.+





 3=2393;.-;2-.7-.=:43,;0.;:,;2.-L2037.93-./9:/3I=73/0:,3/!.2,L23
=.73;3L23.63909.L23.263,4.-.-:,10429;:603,?..3I0/4072,377:73,473-.
90/40,4.<:76.93;.-;2-.7-.+

 3,03,9:3,;23,4.L23-.=:43,;0.93-6:4:7/:,F!RO!;:,2,.-:,1042993
;.5-33,4733-0,837/:7M3-6:4:7936./0.9:-.71.!,:43,97B./3,409:240-0?.72,<0-47:
;:,3/4390/3N:!=23/-./=P7909./,:;:,4705207B.,.2,73,90603,4:.93;2.9:93-
Pérdidas trífasicas del filtro
20
40
60
80
100
120
0 50 100 150 200
L (m)
P
 (
w
)
Impedancia del filtro
20
30
40
50
60
70
80
0 50 100 150 200 250
L (m)
C (nF)
R(ohm)



	
		
		

	

	


  "

/0/436.07.,9:-.17E<0;.!=.7.2,.-:,10429932,:/F6347:/!-./=P7909./93-<0-47:
/2=:,3,.=7:I06.9.63,432,:/i!L233/2,X93-.=:43,;0.,:60,.-93-6:4:7

 :,/0937.,9:3-47.6:93F.F6!/3935343,374.650P,3,;23,4.3,4:7,:.
L23-:,104293/93;.5-3.=.73;3,-.//:57343,/0:,3/936.M:76.1,0429$0J.,9:,:/3,
-.17E<0;.3,-.L23/3;.-;2-.5.,-:/=.7E6347:/93-<0-47:!3,3/3=706370,4378.-:/3
=:97B..J2/4.7-.;278.93-.;.=.;09.993-;:,93,/.9:7.2,^73;4._;2M.=3,903,433/
5./4.,43=3L23N.!M=7:5.5-363,433-90/3N:93-<0-47:/37E.;3=4.5-3=.7.-:,104293/
;37;.,./

 ,2,.=70637.3/406.;0@,=.7.3-;E-;2-:93-<0-47:/3:=4@=:72,.63909.93
-:,1042993;.-5393AF6347:/47./:5/378.7-.;278.L233,<73,4.-.-:,10429M3-
<.;4:793/:57343,/0@,3,-.17E<0;.93-./63909./4:6.9./3,3--.5:7.4:70:+

 	.7.-:,104293/93;.5-393F6347:/!-./:57343,/0@,4:6.8.-:73/93=2
L233/2,8.-:75./4.,4317.,9393/:57343,/0@,M2,./=P7909./93.=7:I09.63,432,:/
i)2,&X93-.=:43,;0.,:60,.-93-6:4:7*:,3/4./;:,/0937.;0:,3//390/3N.3-
<0-47:
=.7.;:6=7:5.7/23<0;03,;0.

 :/8.-:73/9373/0/43,;0.M;.=.;09.993-;:,93,/.9:7=.7.2,.-:,1042993F
6!/31>,-.17E<0;..,4370:7!/:,
$A"!"ΩM$A !&",$=7:I06.,9:3/4:/
8.-:73/.3/=3;0<0;.;0:,3/93;:6=:,3,43/73.-3/!;.9.<./393-<0-47:935343,372,.
73/0/43,;0.93FΩL2390/0=32,.=:43,;0.93i.40:/)iU<./3/A&i*M2,
;:,93,/.9:7),:3-3;47:-B40;:*;:,2,.;.=.;09.993.=7:I06.9.63,43F,$L23
/:=:743,&F3,3-=3:793-:/;./:/!=23/4:L23-.43,/0@,.-./.-09.93-0,837/:7/:,
)F*M3,3-6:4:7/3=2393,--31.7.=7:92;07/:57343,/0:,3/93-9:5-3!
.2,L23=.7.F6-./:57343,/0@,3/93!=2M-.60/0@,93-<0-47:3/7392;07-./


 3;:-:;@3-<0-47:;:,/47209:3,3--.5:7.4:70:-:6E/=7@I06:=:/05-3.-:/
43760,.-3/93-6:4:7M/3=7:;390@.-3I=37063,4:;:,90<373,43/-:,104293/93;.5-3+

1
1,1
1,2
1,3
1,4
1,5
1,6
1,7
1,8
1,9
2
1 10 100
L (m)
F
ac
to
r 
d
e 
so
b
re
te
n
si
ó
n
 p
u



	
		
		

	

	


  "



Medidas de sobretensiones según la longitud del cable (con filtro RC) 
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